The new generation of telemedicine systems enables healthcare service providers to monitor patients not only in the hospital but also when they are at home. In order to efficiently exploit these systems, human information collected from end devices must be sent to the medical center through reliable data transmission. In this paper, we propose an adaptive relay transmission scheme to improve the reliability of data transmission for wireless body area networks. In our proposal, relay nodes that have successfully decoded a packet from the source node are selected as relay nodes in which the best relay with the highest channel gain is selected to forward the failed packet instead of the source node. The scheme addresses both the data collision problem and the inefficient relay selection in relay transmission. Our experimental results show that the proposed scheme provides a better performance than previous works in terms of the packet delivery ratio and end-to-end delay. key words: wireless body area networks, reliable data transmission, relay transmission
Introduction
Rapid advances in sensor technology and wireless communications have enabled healthcare monitoring networks. Because smart devices, such as smart phones and smart watches, are available around the human body and are used for collecting human information from sensor nodes, healthcare networks are going a step further by becoming mobile [1] . Then, the body information for medical treatments is transmitted to the cellular system or the Internet via the smart devices. By doing so, the medical information from patients can be monitored not only in hospitals but also in their home area. This characteristic is offering a great opportunity to extend healthcare services and create the new concept of mobile health (m-health).
In [1] , an typical m-health system is illustrated in Fig. 1 where a multi-tiered architecture is presented. Tier 1 encompasses the intra-body communication; Tier 2, the extra-body communication between the personal devices and the Internet or cellular system; and Tier 3, the extra-body communication from the Internet to the medical server. In Tier 1, sensor nodes are attached at different positions of the human body; therefore, they operate close to the human body environment. These devices are responsible for collecting and transferring the medical information of the human body to the smart devices/coordinator/hub. If the data packets are delivered successfully, these devices then forward them to the base station located on Tier 2, which aims to connect wireless body area networks (WBANs) with various networks such as the cellular networks and the Internet. Finally, the data packets are processed at remote diagnosis centers, such as the patient tracker, emergency service, caregiver and the medical server. In order to fully exploit the benefits of Tier 1 in healthcare monitoring, a WBAN was introduced [1] , [2] . It supports Tier 1 and operates on ultra-low power. In general, the development of the WBAN technology comes from the idea of using wireless personal area networks (WPANs) [3] . A WBAN consists of various small devices attached at different positions of the human body. They may be placed on clothes, on the body, or under the skin to collect vital signs such as heartbeat, body temperature, blood pressure, and electromyogram, etc. [4] . Because information of the vital signs relates with human lives, it must to be transmitted with very high quality of service (QoS) requirements. Therefore, the crucial issue here is the reliability of data transmission.
Most existing standards, such as the IEEE 802.15.6 MAC protocol [2] and the IEEE 802.15.4 MAC protocol [3] , provide an automatic repeat request (ARQ) mechanism for reliable data transmission. In this mechanism, a sender is notified of a failed data transmission when an acknowledgements (ACK) packet is missing, and the sender triggers retransmission procedures for retransmitting the failed data packet. It usually retransmits the packet until the sender receives an ACK packet. However, the propagation of a wireless signal in WBANs often experiences high path loss and shadowing. If the sender retransmits the failed data packet after it does not receive an ACK packet from a receiver, it may still suffer from repeated fading. Thus, the retransmission from the source may reduce the probability of successful retransmission. One possible solution is to suspend the retransmission of the failed packet from the sender until the next period [5] .
From this point, instead of retransmission from the source node, a third party that receives the packet from the source will act as a relay node. Thus, all neighbor nodes that obtain a copy of a forward packet from the source node can become relay nodes for the source node and the coordinator node. Therefore, the packet may reach the destination without fading repeatedly and there would be a better chance of successful retransmission. The approach, namely relay transmission [6] , includes two phases: (1) a source node broadcasts its packets to both relays and a destination in the first phase and (2) the relay nodes forward the packets to the destination in the second phase. In relay transmission, the number of relay nodes to be selected to assist the source node and the destination to forward the source's packets is an important key for reliable data transmission.
Recently, many relay transmission schemes are proposed to enhance reliability of data transmission. In [7] , the destination combines the full signals received in both phases to decode the packet by using maximal-ratio combining (MRC) technique, which provides a maximum diversity gain. However, it did not consider data collision problem due to multiple relay nodes at the destination. In [6] , [8] , [9] , authors provide guidelines how to select "good" relay nodes, which assist reliable data transmission in a fading environment. Several methods such as, average channel gain, signal to noise (SNR) threshold, incremental relaying, etc. have proposed to select relay nodes. In [10] , an extension of hybrid ARQ protocols is implemented to select one "best" relay to transmit source's packet in the second phase. In [11] - [13] , the reliability of data transmission through relay selection for wireless sensor networks (WSNs) and mobile ad-hoc networks (MANETs) are proposed by using limited feedback information. All methods support not only WBANs but also WSNs and MANETs to improve reliability of data transmission.
Until now, the study on relay transmission for WBANs has not been fully explored. In [14] , [15] , a single node is selected to receive a packet from the source and the single node in these studies was selected either proactively or reactively. In [16] , joint relay selection and transmit power control is proposed, the work proposed channel prediction method to provide diversity gain. In [14] , [17] , multiple relay cooperation is analyzed, the authors used MRC to decode the packet to provide diversity gain. In [16] , [18] , a small number of sensor nodes located at chest, left and right hips, etc. is selected as relay nodes. Because the senor nodes are placed at the periphery of the obstacle so that they can communicate with both sources and the coordinator. While the studies show how either a sensor node or group of sensor nodes is assigned to provide reliable data transmission. It is necessary to point out when and how relay nodes are selected reliably.
In WBANs, it is worth mentioning that: (1) unlike the other networks, the QoS requirement of the vital signs in WBANs is different. Therefore, the optimal relay selection in WBANs must consider problem of heterogeneous QoS requirement conditions. (2) the number of sensor nodes in WBANs may be large and the relay transmission in WBANs has also two phases. If the relay-coordinator links in the second phase are relatively poor, the reason may result from the selected un-reliable relay nodes in the first phase. (3) the relay transmission may not be always achieve full beneficial if the source-coordinator link is not too bad. We take all above issues to our work to make it different with previous works.
In this paper, we propose an adaptive relay transmission scheme (ARTS) to improve reliability of data transmission for WBANs. This study makes the three following contributions: Firstly, the proposed scheme extends the relay transmission study into WBANs where Qos requirements and channel conditions are varied. Secondly, we proposed a adaptive relay selection strategy that not only yields proper number of reliable relay nodes but also removes unnecessary relay nodes in second phase. Finally, we exploit a limited handshaking process integrated with a relay selection procedure, which correctly recognizes the reason causing packet losses at the receiver and provides steps on how to select the best relay node.
The remainder of this paper is organized as follows: Sect. 2 describes background study and related works; Sect. 3 describes the proposed approach and how ARTS works; Sect. 4 evaluates the performance of the proposed scheme, and Sect. 5 presents our conclusions.
Related Works
Most current implementations of WBANs use IEEE 802.15.4 standard [3] as enabling technology. The standard operates with multiple frequency bands. The 865 MHz and the 915 MHz radios employ direct sequence spread spectrum with each data symbol being mapped onto a 15 chip pseudo-random (PN) sequence, followed by binary phase shift keying (BPSK). The 2.4 GHz radio maps 4 bits of information onto 32 chip PN sequence, followed by offset orthogonal phase shift (OQPSK). The topology of IEEE 802.15.4 networks has two architectures: star and peer to peer topologies in which WBAN topologies seem to be mostly presented by a star topology [1] , [5] . In star topology, when a sensor wants to forward its data to a coordinator, it can choose two operational modes: beacon-enabled mode and non-beacon-enable mode. In beacon-enabled mode, communication is controlled by the coordinator, which transmits regular beacons for synchronization and association procedures. In non-beacon-enable mode, there are no regular beacons.
In WBANs, medical information of human body has real-time properties and must be transmitted periodically. Therefore, this work only focuses on beacon-enable mode. In beacon-enable mode, the coordinator and its devices operate based on a super-frame structure that begins at a beacon frame. The length of a super-frame and its active period are denoted by beacon interval (BI) and super-frame duration (SD), determined by beacon order (BO) and superframe order (SO), respectively. SD contains 16 time slots (SlotD) with the same length. Each slot contains a number of back-off periods and 20 symbol periods. The active period is divided into two parts, namely a contention access period (CAP) and a contention free period (CFP), via a guaranteed time slot (GTS).
Under beacon-enable mode, sensor nodes must wake up in time to receive the beacon from their coordinator. If a sensor node wishes to transfer its packets to the coordinator, it first listens to the beacon. If the beacon is found, it synchronizes to super-frame structure. Then, it transmits its data packets. A successful data transmission is recognized by receiving an ACK packet from the coordinator. If the sender cannot receive the ACK packet during a short interval time, it will trigger retransmission to retransmit the failed data packet. Most existing standards, such as the IEEE 802.15.6 MAC protocol [2] and the IEEE 802.15.4 MAC protocol [3] , provide an ARQ which is an error control technique.
However, there are several reasons causing the failed data transmission in WBANs so that the receiver cannot feedback an ACK packet to the sender. They may be data collision, hidden terminal problem, and fading [5] . In the case of the fading channel, the receiver cannot recognize the received packet because the received signal strength is smaller than a certain threshold. If the sender retransmits the failed data packet after it does not receive an ACK packet from a receiver, it may still suffer from repeated fading. Thus, the retransmission from the source may reduce the probability of successful retransmission.
In [19] , a path loss exponent of 7 was found along the human body when the obstruction of body segments occurs between a source and a coordinator. In [20] , the path loss in WBANs is usually larger than 50 dB. In [21] , all radio links exhibit a high shadowing variation due to human body motion. The time-varying nature of the channel depends on the replacement of the transceivers on/in the human body and body movements. Therefore, a simple one-hop topology is not sufficient to provide QoS requirements of applications [4] since a strong path loss and shadowing occurs.
In [6] , relay transmission offers the benefits of a natural broadcast, thereby improving reliable data transmission and boosting energy efficiency. The approach includes two phases: (1) a source node broadcasts its packets to both relay nodes and a destination in the first phase and (2) The relay nodes forward the packets to the destination in the second phase. In [6] , authors proposed various relay transmission schemes such as amplify-and-forward (AaF), decodeand-forward (DaF), and incremental relaying, etc. In AaF scheme, a source and a destination pair can be assisted by a large number of relay nodes. In DaF scheme, a smaller number of relay nodes would be selected for relay transmission. If the source-destination link is not too bad, the incremental relaying scheme can be implemented as an extension of hybrid ARQ. In [9] , the study of relay selection in multiple-relay wireless networks is proposed in detail. In [10] , an extension of hybrid ARQ protocols is implemented. In [11] - [13] , the reliability of data transmission through relay selection for WSNs and MANETs are proposed by using limited feedback information, and thus, the signaling packets are exchanged to select relay nodes in the works. It should be noted that the relay transmission schemes are provided various techniques such as average channel gain [6] , [10] , limited feedback [8] , [9] , [11] , signal to noise threshold (SNR) [6] , MRC [7] , and etc.
The above techniques widely used in WBANs. In [14] , both single relay cooperation and multiple relay cooperation were investigated in different path loss value, this work studied power allocation problem with and without posture information states. In [15] , energy efficient and reliable communication for WBANs are addressed, this work considered tradeoff between transmission power and QoS. In [16] , joint relay transmission with power control are proposed, the work reduced to 60% power consumption while maintaining good reliability of data transmission. In [17] , multiple relay cooperation is analyzed and the work used MRC [7] to decode the received packet for both the source and the relay nodes. In [18] , a predict based dynamic relay transmission scheme made full use of correlation characteristics of on-body channels. While the studies shown how either a sensor node or group of sensor nodes is assigned to provide reliable data transmission. It should be notice that the number of sensor nodes in WBANs may be large and the relay transmission in WBANs has also two phases. If the relay-coordinator links in the second phase are relatively poor, the reason may result from the selected un-reliable relay nodes in the first phase. Therefore, it is necessary to point out judgments to select the proper relay nodes and when the proper relay nodes provide full reliability of data transmission.
Description of Our Approach

Relay Transmission Mode
A half-duplex two-hop communication scenario for WBANs is presented in Fig. 2 , where a source node (S) communicates with a single coordinator (C), via relay nodes (R i = {1, 2, . . . , N}). We denote the instantaneous SNR of the source-coordinator, source-relay, and relay-coordinator links as γ S,C , γ S,Ri and γ Ri,C respectively, as follows: 
where P S and P R present transmission power of the source and relays, respectively; N 0 denoted the variation of Gaussian noise at the receiver; and h 0 , h S,Ri , and h Ri,C refer to the channel gain of the source-coordinator, source-relay, and relay-coordinator links, respectively. The propagation of wireless signals in WBANs can be realized as follows: in the first phase, a source node broadcasts a packet to the coordinator. Neighbor nodes of the source node can overhear the packet as well. If the SNR at the coordinator from the source node is not less than a certain threshold γ th (γ S,C ≥ γ th ), then the coordinator decodes the receive packet without the help of relay nodes. Otherwise, the channel communication is considered to be outage and the coordinator will send a feedback packet to request retransmission. In the second phase, the overhearing nodes will forward the packet to the coordinator. In order to yield large improvement in the reliability of data transmission, the overhearing nodes must decode the packet from the source by full decoding. Therefore, the SNR of each relay candidate is not less than a certain threshold γ th .
However, the threshold value is determined according to the bit error rate (BER) requirement of each vital sign and the transceiver structure. In healthcare applications, the BER requirements should be as small as possible. It should be noted that the high QoS requirement (BER = 10 −9 ) is required for a few vital signs such as electrocardiogram, glucose, etc., while the most other vital signs are required with low QoS requirements (BER = 10 −5 ). It is clear that without finding out a proper reliable relay nodes, relay transmission schemes suffer performance loss. Moreover, this makes preassigned relay transmission schemes become sub-optimal in which both single relay selection and multiple relay selection are special cases in the scenario. For example, for a given BPSK modulation and target BER = 10 −5 , 10 −7 , and , we can determine optimal threshold values for the QoS requirements by the probability of bit error. In BPSK modulation, P b = 1/2 * erfc(S/N) 1/2 [3] , where erfc is an exponential function. From Fig. 3 , the optimal SNR threshold values are determined from 9.7 dB for BER = 10 −5 , 11.4 dB for BER = 10 −7 , and 12.6 dB for BER = 10 −9 , respectively. We assume that each node collects a vital sign and there are N relay nodes in WBANs. Thus, the range of threshold values γ th = (γ th1 , γ th2 , . . . , γ thN ) is given at each node. When a source node transmits its packets, the relay nodes can decide whether to decode the packet by comparing their received signal strength of the packet to reference threshold value in γ th . Under this view, any sensor nodes in WBANs can become a relay candidate if their received signal strength is above a given threshold of source nodes. We assume that set of relay nodes (M ⊆ R i ) which can decode the received packet successfully during the i th source node transmits its packets, M can be expressed as
In (2), M presents for the number of sensor nodes which can involve with forwarding packet of the i th source node in the second hop. The size of M depends not only on γ thi but also on the number of employed sensor nodes in WBANs. Therefore, if the relay-coordinator links the second phase is relatively poor, the reason may result from either sub-optimal threshold selection or small number of employed nodes. As assumed that each node has a function that collects a vital sign from human body. Thus, when multiple vital signs are monitored, the number of employed sensor nodes is larger. Therefore, more reliable relay nodes are yielded in the first phase, this is important key to yield the highest channel gain in the second phase because the best channel gain link in second phase is selected from the reliable relay nodes.
In the second phase, the selected relay nodes in the first phase forward the packet to the coordinator. If the set of relay nodes is large and all of relay nodes try to forward the packet, data collision and hidden terminal problem may happen at coordinator. Therefore, the best relay node from the set of relay nodes must be selected to forward the packet from the source. In [22] , channel gain characterized the path loss effect on body channels which is considered to be a major factor affecting the link reliability. In general, the best channel gain link in the second hop can provide the best quality of data transmission. In order to find out the best relay node from the M in (2), the channel gain of each link from set of the reliable relay nodes to the coordinator should to be estimated. To measure the channel gain of each link at the coordinator, each node sends a packet with power P R to the coordinator after they receive a request from the coordinator. Based on the received signal strength of the packets, the coordinator can estimate the best relay-coordinator links at a given time. It should be noted that a vital sign is collected from a sensor nodes attached at a position on/in human body, all sensor nodes are placed separate locations on human body where path loss of separate links is uncorrelated. Thus, the path loss on each link is different. For each link from the relay nodes to the coordinator, the path loss is computed by PL(d) = P R − P j , where P j denotes the received signal strength of j th node's signaling packet that is received at the coordinator. In [15] , the measured path loss could be interpreted as channel gain.
In general, the path loss is modeled by the log-normal distribution [20] and can be expressed as
where d 0 is the reference distance, PL(d 0 ) presents the path loss at d 0 , η denotes the path-loss exponent, X σ refers to the shadow fading component (X σ ∼ N(0, σ 2 )), and d denotes the distance between a transmitter and a receiver. In WBANs, the communication channel was divided in to a dual hop, therefore, the path loss of the link between source and relay nodes and the path loss of the link between relay nodes and coordinator are PL S,Ri (d) and PL Ri,C (d), respectively.
From (1), channel gains, h S,Ri , h Ri,C , describes channel gains of source-relay and relay-coordinator links. The squared absolute value of channel gains is connected with the path loss in (3) for each hop as follows
From (4), the best relay, b*, selected from M in Eq. (2) is chosen to maximize the instantaneous channel gain between the links of relay nodes and coordinator, defined as follows
Adaptive Relay Transmission Scheme
As shown in Fig. 4 , ARTS includes four steps, namely, decode and forward (DaF), information feedback (IF), optimal relay selection (ORS), and relay transmission (RT). The DaF step: At first, when a source has a data packet, it transmits the packet to the coordinator with the power P S . The overhearing nodes can store the packet in their buffer. If the coordinator can fully decode the packet, it broadcasts an ACK packet, and then the relaying nodes keep idle. In order to meet the QoS requirements, the relay nodes decide to decode the packet if their received signal strength is larger than a given threshold of the source node. Then, the relay nodes encode the packet in the same way as the source. The IF step: after the coordinator uses ED and ACN parameters in [5] to recognize the reasons causing the failed packet from the source. If the coordinator cannot decode the source's packet, it sends a NACK packet to inform the fading channel (F) and to request to help. We used the NACK packet to declare the failed data packet causing fading. One flag bit in the ACK packet is used to distinguish the NACK packet from the ACK packet. Otherwise, the coordinator sends an ACK packet to inform the source and relay nodes that it decoded the packet successfully. It is worth mentioning that the source node and relay nodes may receive neither ACK nor NACK packets after a short time interval. In this case, the source node concludes that the packet loss is caused by hidden terminal problem, and then it will trigger retransmission procedure to retransmit the failed data packet or data packet collision.
The ORS step: because a large number of relay nodes can be assisted for forwarding in the second hop if the source-relay links are strong. In contrast, the set of relay nodes can be too large in sense that the relay transmission may be successful even with a relay node. Moreover, since the CSMA/CA mechanism in the IEEE 802.15.4 standard [3] is modified, the receiver to send (RTS) and clear to send (CTS) packets are not used. In the modified IEEE 802.15.4 standard, when a relay node wants to forward the data packet to the coordinator, it waits for a random timer, called the back-off counter, ranging from 0 to 2 BE − 1, where BE denotes the back-off exponent. This process is used to guarantee the data packet collision or hidden terminal problem at the coordinator.
The ORS step includes a back-off process (B) and a relay competition process. In order to select a relay which has the highest channel gain among relaying nodes, all relay nodes have to go into the relay competition process in which each relay node starts to forward a help request (HR) packet with power P R to the coordinator when it receives the NACK packet. When the coordinator receives packets from the relay nodes, it then measures the received power of the relay nodes, and selects the best node which has the largest channel gain among the set of relay nodes. After the coordinator estimates the best channel gain of the relay-coordinator link, it broadcasts a help selection (HS) packet with identification (ID) of selected relay node. It also controls the minimum possible power value P MIN at which the HS packet can reach the best channel gain node. This process not only support for selecting the best channel again node but also use for preventing the lower channel gain nodes to cooperate with the coordinator. However, the process cannot guarantee there is no packet collision among HR packets. Therefore, the back-off process [3] is modified to avoid collision of HR packets at the coordinator. The process is trigged whenever the relay nodes received the NACK packet. All relay nodes need to reduce their timer to zero before they transmit their HR packet. Since the variable BE determines the number of back-off periods the devices will wait to access the channel, therefore, the lower BE range will ensure the devices will not spend too much time waiting for channel access. In WBANs, the BE is set to the minimum value.
The RT step: upon receiving the HS packet, the best relay node sends the packet to the coordinator. Once the coordinator receives the packet, it broadcasts an ACK packet. The packet also is relayed by the best channel gain node, and thus, the ACK packet can be delivered to source node reliably. Though the packet is forwarded on the best quality link, it may still be lost when either the other nodes in a cluster transmit their data packets when they cannot hear HR/HS packet or channel conditions of the second link change. In the first case, if the best relay node, selected to forward the failed packet, cannot receive both ACK/NACK packets from the coordinator during a short time interval. It concludes that the packet loss is caused by hidden terminal problem, and then it will trigger retransmission procedure to retransmit the failed data packet. In the second case, because the best channel gain link still cannot forward the packet reliably, so almost links in WBAN cannot provide successful data transmission. It will not help much for reliable data transmission if ARTS is triggered repeatedly. Thus, the coordinator sends a beacon to suspend the failed packet until the next period.
Performance Evaluation
A common used WBANs setting is adopted from [16] including 10 sensor nodes S i = {S 1 , S 2 , . . . , S 10 } and a smart device acts as a coordinator. The sensor nodes are classified into main group and extended group. In the main group, the four main vital signs include body temperature (S 1 ), respiration rate (S 2 ), blood pressure (S 3 ), and electrocardiogram (S 4 ) devices. In extended group, more sensor devices will be added to the main group. They are glucose (S 5 ), electroencephalography (S 6 ) electromyography (S 7 , S 8 ), and pressure (S 9 , S 10 ) devices. Positions of sensor devices and a coordinator are shown in Fig. 5 . A major difference from the system setup in [16] is that here the coordinator is placed at different positions (200 seconds in hand for watching, 200 seconds in hand for listening, and 200 seconds in left pocket) in simulation space size. Packets are generated periodically and each node generates 2 packets per second. In order to generate traffic from low to high, 10 groups of sensor nodes are combined from 10 sensor nodes, they include {S 1 }, {S 1 , S 2 }, . . . , {S 1 , S 2 , . . . , S 10 }, respectively. The above scenarios are simulated by network simulation (ns2).
As concerned in Sect. 2, the path loss in WBANs is usually larger than 50 dB. We vary randomly the path loss of each link from the sources to the coordinator in a typical potential range from 50 dB to 120 dB. The initial energy of each node is 5 J and the average noise power N 0 = −100 dBm, respectively. Table 1 summarizes the basic parameters of communication channel, size of packets for the simulation study.
To observe performance of ARTS, three metrics: 1) packer delivery ratio, 2) end-to-end delay, and 3) energy consumption are examined. Our proposed scheme is com- 1) Non-relay transmission scheme (NRTS): the source nodes transmit the packet without relaying, if the source node knows that the coordinator does not receive packet correctly, then it retransmits the data to the coordinator. 2) Single relay transmission scheme (SRTS): a relay node is randomly selected to receive the packet from the source in the first phase, and forward the packet in the second phase. 3) Optimal relay transmission scheme (ORTS): four nodes located right-knee, left-knee, chest, and waist are selected as relay nodes. 4) Multiple relay transmission scheme (MRTS): all relay nodes will forward the received packet from the source node to the coordinator.
Packet Delivery Ratio (PDR)
PDR is computed as the ratio between the total number of packets received at the coordinator and the total number of packets broadcast from the source nodes. The metric aims to evaluate how much our proposed scheme can provide reliable data transmission comparing to four schemes. Figure 6 presented the comparison of PDR for each scheme. PDR of ARTS is higher than NRTS, SRTS, ORTS, and MRTS to 45.9%, 16.7%, 8.3% and 3.1%, respectively. Moreover, PDR of ARTS achieved close 99% over the whole network. The result implies that ARTS not only provides full reliable data transmission but also reduce the effect of data collision when the network traffic is high. It also explains the reason why the relay selection strategy in our proposed scheme only selects "reliable" relay node in the first phase and selected one from them to forward source's packets to the coordinator. In Fig. 7 , the effect of the number of employed nodes under different BER requirements on PDR is shown. It reduces strongly when the number of employed nodes is 4 nodes. The results showed that PDR of ARTS increases with the number of employed sensor nodes.
End-to-End Delay (E2ED)
E2ED is defined as the average time taken by a data packet to arrive successfully in the coordinator. In Fig. 8, E2ED of five schemes is given. In these schemes, NRTS sends packets with a single hop while the other schemes forward packets with a dual hop. In NRTS, a simple one-hop topology is not sufficient to reduce packet loss so that the number times of retransmission at the source nodes may be increased strongly. This explains the reason why E2ED of NRTS is very high. As we can see from this figure, E2ED of ARTS is significantly improved compare to SRTS, ORTS, and MRTS. This is because ARTS achieved highest PDR which leads to significantly decrease retransmission times by senders.
The effect of the number of employed nodes under different BER requirements on E2ED is presented in Fig. 9 . When the number of employed nodes is small (4 nodes) and the BER is very low (BER = 10 −9 ), E2ED decrease rapidly. This result also showed that under very high QoS requirement, a small number of employed nodes is not sufficient to provide fully reliable data transmission and low E2ED.
Energy Consumption (EC)
EC is defined as the ratio of total network energy to the number of data packets successfully delivered to the coordinator. EC of five schemes is shown in Fig. 10 . Though ARTS consumes more energy than SRTS, it is worth pointing out a good trade-off between reliability and energy efficiency. In principle, a larger number of relays can be assisted reliably for forwarding in the second hop. However, a small num- ber of "good" relays would be beneficial in term of energy efficiency.
In Fig. 11 , under lower BER values, the EC increases slowly when a number of sensor nodes reach to 10 nodes. In contract, when a small number of sensor nodes are employed, the EC increases rapidly. As a result, a packet successfully transmitted to the coordinator with minimum power consumption when the number of employed sensor nodes increases.
Conclusions and Future Works
In this paper, an adaptive relay transmission scheme is proposed to provide reliable data transmission in WBANs where QoS requirements and channel conditions are varied. In our proposed scheme, each relay decides whether to decode and forward a packet from the source based on the target BER and the transceiver structure. By doing so, it clearly shown that relay transmission is really adapted to the WBAN context. Moreover, we observed that when multiple vital signs are monitored, the number of employed sensor nodes is also increased. Therefore, we provide a proper threshold value to select relay nodes reliably. The optimal relay selection strategy in this work not only removes performance loss in the second phase but also reduces data collision at the coordinator.
This work is the first step to extending the relay transmission for WBANs where sensor nodes usually operate in the presence of high path loss and time variation. Although this paper focused on the reliability of data transmission, we believe that the overall performance of a system can be improved with limited preamble packets and this benefit needs to be exploited for WBANs in a future work. 
